Genetic relatedness estimates and capture records were used to examine population ecology of endangered Alabama beach mice (Peromyscus polionotus ammobates). Because of their monogamous mating strategy, biparental natal care, and limited dispersal patterns, we hypothesized that beach mice form gamodemes with family groups representing the core units. Under this hypothesis, we predicted that groups of related individuals would utilize common habitat spaces and that nonrandom age or sex associations could occur. To test these predictions, livetrapping data from an 8-year study were used to examine demography and relatedness of mice involved in joint and single captures (4,683 capture events involving 1,404 individuals, of which 949 were genotyped using microsatellite data). Mice were observed in joint captures nonrandomly with respect to age and sex, implying that there are nonrandom spatial associations among beach mice. Specifically, adult females were captured more often than expected with adult males and subadults were involved in joint captures more often than expected. Subadults captured with adults were the most related cocaptures, which, along with parental assignment, provided evidence of familial clustering. Adult male-female cocaptures were among the least related pairings, suggesting that inbreeding avoidance may play a role in mate choice.
Livetrapping of mammals is a historically important technique (Bailey 1932; Hatt 1925 ) that despite advances in technology (i.e., telemetry and passive integrated transponders) remains a ubiquitous tool in mammalian research (Animal Care and Use Committee 1998) . Livetrapping provides cost-efficient data for a wide range of studies including those examining dispersal, density, habitat use, life history, and competition. The technique also is an essential training tool used to introduce countless students to mammalian systematics and ecology. One event common to most livetrapping studies is the occasional capture of multiple individuals at a single spatial point (plural captures). Such events can arise from incidental captures of 2 or more individuals in a single trap (double captures- Drickamer et al. 2003; Taulman et al. 1994) or as intentional elements of the trapping design. Planned plural captures are generally associated with use of multiple-capture devices (multiple captures-Getz et al. 1986; Ylonen et al. 2003) or multiple traps per station (joint captures-Slade 1976; Swilling et al. 1998) . Plural captures can be further classified based on trap encounter timing (Bergstrom 1986 ). True synchronous captures occur when 2 individuals encounter the trap(s) together and enter simultaneously. All other encounter scenarios are considered variations of asynchronous capture. Complete asynchrony, represented by random individuals captured at differ times at the same location, plays an important role in defining expected parameters for null models used in statistical comparisons.
Assumption of, or evidence for, synchronous captures has been used by various authors to place these capture data into a social or behavioral context (Davis 1955; Getz 1972; Granjon and Duplantier 1993) . When specific types of individuals were captured together more often than expected, the existence of social attraction or tolerance between individuals has been inferred (Bergstrom 1986; Getz 1972; Slade 1976) . Conversely, if individuals were captured together less often than expected, these groups are hypothesized to exhibit social avoidance or repulsion (Grajon and Duplantier 1993; Slade 1976) . These studies also have frequently included inferences about associations between sexes, among age classes, or both (Mihok 1979) . Some authors have attempted to examine joint-capture results in a similar social context (Spencer et al. 1982) . Unfortunately, the difficulties inherent in proving synchronous capture when using multiple trap protocols has generally limited their value for defining social structure. However, multiple-capture or double-capture studies are not without similar criticism. Bergstrom and Sauer (1986) challenged the validity of the synchronous assumption in double captures and specifically questioned the usefulness of these data for investigating ''social traveling.'' Subsequently, Bergstrom (1986) illustrated the negative impact of mechanical trap variation on tests of age and sex associations commonly conducted in multiple-capture studies. These reports, among others, highlighted critical limitations in attempts to correlate capture events with social structure, which subsequently led to diminished use of this approach. Recently, however, Drickamer et al. (2003) revisited the analysis of double captures and advanced the methodology by incorporating microsatellitebased genotyping of captured individuals. Using estimates of genetic relatedness and parental assignment techniques, Drickamer et al. (2003) concluded that double captures of house mice were more likely to involve related individuals than unrelated individuals. Inclusion of estimates of genetic relatedness in capture studies permits examination of hypotheses regarding mammalian ecology and potentially overcomes some of the inherent limitations of this approach.
Between 1986 and 2002, we participated in a series of livetrapping studies involving coastal populations of beach mice. Beach mice include 7 subspecies of the oldfield deermouse (Peromyscus polionotus) native to the dune habitat of the Gulf Coast of Alabama and Florida (Bowen 1968) . These subspecies are characterized by a unique combination of ecological attributes that led Swilling and Wooten (2002) to identify beach mice as a useful model for the study of population structuring. P. polionotus is semifossorial, appears to be strongly monogamous (Foltz 1981) , provides biparental care of young (Margulis 1997 (Margulis , 1998a , exhibits limited subadult dispersal that is sex-equal (Swilling and Wooten 2002) , and is tolerant of home-range overlaps (Lynn 2000) . From 1994 to 2002 a series of grid-based capture-recapture studies were conducted to monitor 1 beach mouse subspecies, the Alabama beach mouse (Peromyscus polionotus ammobates). To maximize capture probabilities on the grids and to minimize injury and mortality associated with double captures of these animals, a trapping design with 2 traps per station was employed. Numerous factors were considered when developing this design but paramount was our observation, from tracking and radiotelemetry, that multiple individuals frequented trap locations.
As a consequence of the trapping design, captures of 2 beach mice per station per night (joint captures) were relatively common across the years of the study. Understanding that analysis of these joint captures would be complicated because they spanned the full range from true synchrony to complete asynchrony, we nonetheless reasoned that plural captures should provide some level of insight into beach mouse spatial ecology. Following Drickamer et al. (2003) , we further reasoned that the inclusion of genetic information might significantly enhance the information content available from joint-capture data. Given the availability of long-term capture information, few nontargeted captures, and an extensive tissue repository for Alabama beach mice, we concluded that this data set would provide an interesting model for examining population structure using joint-capture data. We were specifically interested in this question because of an earlier report by Swilling and Wooten (2002) that 70% of subadult Alabama beach mice settled within a few hundred meters of their natal burrow. Swilling and Wooten (2002) further suggested that adults likely share a portion of their home range with their offspring, an ecological trait seen in other Peromyscus species (Howard 1948) . Based on these ideas and recent information on microsatellite genotype patterns (Van Zant 2006), we hypothesized that fine-scale microgeographic assemblages of related individuals (i.e., genetic neighborhoods or gamodemes- Gilmour and Gregor 1939; Wright 1969 ) are a central feature of beach mouse populations. If true, then information about the spatial associations and relatedness of beach mice should contribute to our understanding of population-level interactions within P. polionotus and provide a baseline model for more complex systems. To determine if mice were captured in joint captures in proportion to their frequency in the population, we quantified age and sex of joint versus single captures. We then determined whether mice were using the habitat space nonrandomly with respect to one another by measuring associations between age and sex within the joint-capture data. Finally, we determined whether mice associated in space also were genetically related by comparing the relatedness profile of mice involved in joint captures with those in the population at large.
MATERIALS AND METHODS
Trapping protocol.-Beginning in 1994, 2 livetrapping grids were established on frontal dune habitat of the Bon Secour National Wildlife Refuge, Baldwin County, Alabama (308139410N, 878499270W-Swilling et al. 1998) . Each grid consisted of 25 stations located east-to-west and 12 stations positioned south-to-north (20-m spacing, about 12 ha/grid). Mark-recapture surveys were conducted bimonthly from December 1994 through March 1997 (13 trapping sessions). In 1997, the study design was modified and expanded. Both grids were reduced slightly in size (18 Â 12 stations, about 8.6 ha) and additional grids were established in adjacent areas. Trapping continued on the 2 original grids with semiannual sessions conducted from September 1997 through March 2002 (9 trapping sessions), giving us a total of 20 sampling occasions over 8 years. All trapping sessions ran for 5 consecutive nights unless adverse weather conditions were encountered. Two Sherman live traps (model SNA, 2 Â 2.5 Â 6.5 inches; H. B. Sherman Traps, Inc., Tallahassee, Florida), baited with rolled oats, were placed within 1 m of each survey point. Whenever possible, traps were placed near vegetation or other cover. Dry cotton was placed in each trap. All traps were cleaned and sanitized between trap sessions. Traps were opened and baited between 1500 and 1700 h. Start times for the release of mice varied with weather conditions but all mice were released before sunrise. The traps were closed throughout daylight hours. Captured mice were uniquely marked for identification by toe clipping. All trapping and tissue collection was conducted under various state and federal permits and followed guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) and animal welfare protocols as approved by Auburn University's Committee on Animal Welfare. Data on age, sex, reproductive condition, tail stripe length, weight (nearest 0.5 g), capture date, and trap location were recorded for each individual.
Analyses of capture data.-We defined a joint capture as an event where 2 or more mice were captured at an individual trap station, either in the same or separate traps on the same trap night. All other captures were coded as single events. From the trapping records, we 1st determined the number of mice involved in single and joint captures in all sex and age categories (adult male, adult female, subadult male, or subadult female). Because only a few juveniles were captured (n ¼ 115, 2.2% of mice captured), all juveniles were placed in the subadult category. To eliminate potential bias associated with repeated capture of individuals across trap periods (a frequent occurrence), we conducted our initial analyses using only the 1st capture of an individual. Subsequent analyses using all capture records also were conducted where appropriate. Our 1st test examined whether sex or age were correlated with the probability of single or joint captures. Chi-square contingency tests were used to determine whether certain ages or sexes of mice were involved in joint captures more often than expected at random (Drickamer et al. 2003; Getz 1972; Slade 1976) . Expected values for each category (male, female, adult, and subadult) in single or joint captures were calculated as the proportion of captures in a category times the proportion of captures that were single or joint times the total number of captures (Drickamer et al. 2003; Slade 1976 ).
Next we examined the associations between age and sex within joint captures involving 2 individuals. We 1st determined if sex and age were independent within joint captures. Evidence for lack of interactions among these variables (independence) is required for single classification tests to be valid (Bergstrom 1986 ). We then used chi-square tests to explore single classifications tables of age and sex, as well as a 4 Â 4 contingency table where age and sex were crossclassified (Bergstrom 1986; Drickamer et al. 2003; Getz 1972; Slade 1976) . Because the order of capture was unknown, we balanced the 4 Â 4 table by equally dividing the observed number of captures in each category (e.g., adult female, adult male) into the 2 opposing cells within the contingency table. To ensure that this approach did not bias the analyses, the results were confirmed using Monte Carlo sampling of the capture data with 9,999 replications (Noreen 1989) .
To explore whether joint-capture events were the result of a nonrandom association of mice, rather than reflecting clumped distributions of certain categories of mice, we used computer simulations to examine aggregation within the capture events. Programming for these analyses was developed using MATLAB, version 6.5, software (MathWorks Inc., Natick, Massachusetts). The initial analysis examined the overall pattern of capture events to determine if they were random, clumped, or hyperdispersed within the sample space. For all 1st captures recorded on each grid, the nearest-neighbor point of capture was identified using a brute force search, the Euclidean distance between these pairs of points was calculated, and an overall average was derived. This empirical average was compared with a distribution of nearest-neighbor averages, which was generated by independently drawing pseudorandom x and y coordinates for each original capture from arrays containing values corresponding to the actual numbers of row and column stations on each grid. This routine was repeated 9,999 times with the average nearest-neighbor distance calculated for each replicate. Empirical values less than the average were taken as evidence of clumping, whereas those greater than average represented hyperdispersion.
Corresponding significance values were estimated following Noreen (1989) . Spatial relationships for females, males, and subadults were evaluated in a similar manner with the exception that only actual points of capture were used in the simulations.
Genetic relatedness.-The primary objective of our study was to evaluate relatedness among age and sex categories of mice involved in joint captures. The central question was whether these cocaptured individuals were more or less related than other random pairings of individuals from the entire population. Based on the assumption of limited lifetime dispersal, we predicted that subadults captured together and subadults captured with adults of either sex would be more related than random pairs. This assumption was based on our previous radiotelemetry studies (data not shown) that indicated that before dispersal, subadults make exploratory ventures in association with adults. As a corollary to these observations, we also wished to determine if a sex bias might exist such that 1 sex (possibly adult females) would be more related to cocaptured subadults than the other. We further predicted that because of their demonstrated ability for inbreeding avoidance (Ryan and Lacy 2003) , adult females and adult males captured together should exhibit low relatedness values, possibly being the least-related joint-capture category.
Tissue samples, in the form of toe clips from individual marking, were collected from each mouse at the time of initial capture. Samples were preserved in 95% EtOH and stored at À808C. Whole genomic DNA was isolated using DNAeasy Tissue extraction kits (Qiagen Inc., Valencia, California). Genotypes were determined using 12 polymerase chain reaction-amplified microsatellite primer pairs (Chirhart et al. 2000; Prince et al. 2001; Wooten et al. 1999) . GenBank references for these primers were Ppa01 (AF016855), Ppa12 (AF016858), Ppa46 (AF016860), Pml02 (AF251776), Pml03 (AF211777), Pml04 (AF251778), Pml06 (AF251780), Pml11 (AF251785), Po25 (AF380236), Po71 (AF380240), Po368 (AF380248), and Po385 (AF380250). Amplifications were performed with 10-80 ng of DNA in 25-ll final reaction volumes using reagents from Taq DNA Polymerase kits (Qiagen Inc.). Reagent concentrations were 0.25 lM forward (labeled) and reverse primers, 100 lM each deoxynucleoside triphosphate, 0.5 mM MgCl 2 and 1.25 U Tag Polymerase. Reaction conditions were 30-35 cycles of denaturing (958C for 30 s to 2 min), annealing (51-618C for 30 s to 1 min), extension (728C for 25 s to 1 min), with a 6-min final extension step. Polymerase chain reaction products were purified using QIAquick PCR kits (Qiagen Inc.) and visualized using ABM Prism 3100 machines (Applied Biosystems, Foster City, California) at the Auburn University Genomics and Sequencing Facility. Genotypes from 12 microsatellite loci were scored using GeneScan and GenoTyper software (PE Biosystems, Foster City, California). Observed and expected heterozygosity were obtained from analyses in ARLEQUIN 3.000 (Excoffier et al. 2005) .
Relationship coefficients were determined using the software program SPAGeDi 1.1 (Hardy and Vekmans 2002) . Analyses were conducted at the individual level with pairwise comparisons of all genotyped individuals for Moran's I and Queller and Goodnight (QG) relationship coefficients. For triple and quadruple captures, relatedness coefficients were determined between all combinations of 2 mice involved in the capture. Extreme low QG coefficient values (e.g., À10.4), due to missing genotypes (D. Queller, pers. comm.), created a skewed distribution that affected variance within categories. Therefore, Moran's I coefficients were used for final analyses. It is important to note that Moran's I relationship coefficient is an index of relatedness, not a true probability of shared alleles. With our data, the observed Moran's I and QC coefficients were highly related (regression slope ¼ 0.90, R 2 ¼ 0.83, n ¼ 350), suggesting that the 2 values had similar information content. Mean relationship coefficients for categories of mice were compared using analysis of variance in SPSS (SPSS, version 11.5; SPSS Inc., Chicago, Illinois) with least significant difference (LSD) a posteriori comparisons. A priori predictions were tested using weighted contrast analysis (Sokal and Rohlf 1995) . The likelihood of parentage for mice involved in subadult-adult captures was calculated for 2 of the 20 capture periods with the largest number of captures using the program CERVUS 2.0 (Marshall et al. 1998) .
RESULTS
Capture data.-From 1994 to 2002, 4,683 capture events involving 1,404 beach mice were recorded. From these, 718 individuals were involved in 643 joint-capture events including 605 events involving 2 (bicapture), 35 involving 3 (triple), and 3 involving 4 (quadruple) mice. Overall, 13.7% of all captures events were classified as joint captures. When only 1st captures of mice were examined, there were 1,370 captures including 229 joint captures. Analyses of nearest-neighbor distances calculated using these 1st captures revealed highly significant (P , 0.001; 9,999 replications), nonrandom distributions of total captures per station for both grids. This clumped pattern was not surprising because Alabama beach mice are reported to have specific microhabitat requirements that are known to be nonrandomly distributed across the available habitat space (Lynn 2000) . Although it was important to identify any significant structuring within the overall pattern of captures, a more germane question for this study was whether specific categories of mice (adult female, adult male, or subadults) were clustered within the actual capture locations. These analyses were important because standard interpretations of observed plural-capture frequencies rely on assumptions that capture probabilities were not biased by age or sex. For 5 of the 6 individual comparisons (females, male, subadults Â 2 grids ¼ 6), the distributions of captures did not deviate significantly from random expectations (P ¼ 0.07-0.58). Captures of adult males on 1 of the 2 grids were found to be significantly clumped (P , 0.01). Although this finding mandated additional caution when making subsequent interpretations, consistence of results for this category between the 2 grids suggested that this departure had little actual impact on the results.
Given evidence that the majority of individual captures were randomly distributed within the actual capture space, it was then appropriate to test for associations between sex, age, or both and the type of capture (single or joint). For sex, the type of capture was independent (v 2 ¼ 1. The next analysis concentrated on joint captures that involved 2 individuals. These data were examined for interaction effects combining both age and sex to determine if pairs of categories were randomly associated. Results from chi-square tests are presented; however, the statistical probabilities from each analysis were confirmed using Monte Carlo techniques (Noreen 1989) . There was no significant interaction effect between age and sex within joint captures (v 2 ¼ 6.90, d.f. ¼ 4, P ¼ 0.1413). This independence of age and sex categories allowed us to analyze sex and age separately (Bergstrom 1986 Fig. 1 ). For example, subadult males and subadult females were captured significantly more often together than expected. Adult females were caught more often than expected with adult males but less often than expected with other adult females (Fig. 1) . Adult males were captured less often than expected with other adult males, subadult males, and subadult females. Conversely, adult females were captured near the predicted percentage with subadults of both sexes. Congruent results were obtained when the full data set (all captures) was used in the analyses of individual categories.
Relatedness data.-Microsatellite genotypes were determined for 946 beach mice captured on the 2 grids, of which 419 were involved in joint captures. The average number of alleles per locus was 7.8 for the 12 loci sampled (Table 1) . Mean Moran's I relatedness between cocaptured mice (0.21) was significantly higher (t ¼ 12.250, d.f. ¼ 314, P , 0.001) than relatedness of a random sample of all possible pairs ( X ¼ À0.001, n ¼ 448,878 comparisons). Overall, there was no difference (F ¼ 1.92, d.f. ¼ 2, P ¼ 0.148) in the mean relatedness of cocaptured mice categorized by sex (male-male, male-female, or female-female; Fig. 2a ). However, there was a significant difference (F ¼ 17.30, d.f. ¼ 2, P , 0.001) in average relatedness of cocaptures categorized by age (adultadult, adult-subadult, or subadult-subadult cocaptures; Fig.  2b ). LSD range tests revealed that adult-adult cocaptures were less related (0.13; P , 0.02) than average adult-subadult (0.28) or subadult-subadult (0.28) cocaptures.
Mean relatedness of cocaptured mice categorized by both sex and age were significantly different (F ¼ 4.361, d.f. ¼ 9, P , 0.001; Fig. 3 ). Adult female-subadult female cocaptures were on average more related (0.43) than adult female-adult female (0.14; LSD, P , 0.001), adult female-adult male (0.14; P , 0.001), adult male-adult male (0.11; P , 0.001), and adult male-subadult female (0.28; P ¼ 0.047) cocaptures (Fig. 3) . Adult female-subadult male cocaptures (0.35) were more related than adult female (0.14; P ¼ 0.010), adult female-adult male (0.11; P ¼ 0.001), and adult male-adult male (0.11; P ¼ 0.001) cocaptures. Adult male-subadult male cocaptures were on average more related (0.28) than adult female-adult male (0.14; P ¼ 0.012) and adult male-adult male (0.11; P ¼ 0.011) cocaptures. Adult male-subadult female cocaptures also were more related than adult female-adult male (P ¼ 0.025) or adult male (P ¼ 0.018) cocaptures. A priori contrast tests revealed that both adult female-adult male (0.14; F ¼ 3.58, d.f. ¼ 305, P , 0.001) and adult male-adult male cocaptures (0.11; F ¼ 3.18, d.f. ¼ 305, P ¼ 0.002; Fig. 3) were less related than all other cocaptured mice. An additional contrast was conducted to test the a priori hypothesis that adult female-subadult cocaptures were more related than adult male-subadult cocaptures. This hypothesis was not supported by our analysis
Data from 2 trapping periods (February-March 1995 and February-March 2002) provided adequate numbers of adultsubadult joint captures for parental assignment tests. Likelihood of parentage was estimated for 63 adults captured with subadults. Of these, 44 (69.8%) had positive likelihood scores that indicated that those mice were more likely to be the true parent of the subadult they were captured with than a randomly chosen individual from the population (Marshall et al. 1998) . Of those adults with positive likelihood scores, 40.9% (18) were ranked as 1 of the top 2 most likely of all candidate parents and 77.3% (34) were ranked within the top 5 candidate parents.
DISCUSSION
The proportion of joint captures for Alabama beach mice was 13.7%. Direct comparison of this value to previous studies (range of plural captures for Peromyscus ¼ 1.0-8.6%-Bergstrom 1986; Jenkins and Llewellyn 1981) is difficult because of the 2 traps per station element of our study design. However, we can say that contrary to results reported for plural captures of house mice (Mus musculus), meadow voles (Microtus pennsylvanicus), and Natal mastomys (Mastomys natalensis- Drickamer et al. 2003; Getz 1972; Granjon and Duplantier 1993) , we observed no difference in single trapstation capture frequency between males and females. Absence of sex bias in the capture rate within our study population is consistent with observations reported for beach mouse dispersal and home range sizes (Blair 1951; Swilling and Wooten 2002) and fits theoretical expectations under monogamy (Dobson 1982) . However, we did identify a relationship between age and joint-capture frequency. Subadult mice were involved significantly more often in joint captures than would be expected based on the ratio of adults to subadults among captured mice. Other researchers have found that immature Peromyscus (Bergstrom 1986; Jenkins and Llewellyn 1981) and house mice (Drickamer et al. 2003) were more likely to be involved in plural-capture events. Several studies have determined that immature mice may be disproportionately more likely to be involved in double captures because of their lighter weight (Bergstrom 1986; Bergstom and Sauer 1986; Drickamer et al. 2003) . Treadle sensitivity may vary between live traps and if the minimum spring weight for a trap is higher than the weight of a subadult mouse the trap may not close until a 2nd individual enters the trap. This design limitation creates a double bias because it can lower the probability that a subadult will be captured as a single while simultaneously increasing the relative proportion of subadults in plural captures. At 1st glance, our results might appear to exhibit this bias. Subadults were found to be captured significantly more often in joint captures than as singles. Because of the occurrence of triple and quadruple captures in this study, our 2-trap design provides an independent way to examine this issue. Because 3 or 4 mice were captured in the 2 traps at a station, we know that at least some individuals had to be captured in the same trap. If treadle sensitivity was the cause of a higher number of subadults being involved in joint captures, we would expect a larger proportion of subadults in triple and quadruple captures than in single captures. The proportion of subadults observed in all single captures was 23.6%. The proportion of subadults observed in all triple or quadruple captures was 27.8%. We interpret the similarity in these proportions as evidence that trap design accounted for little, if any, of the higher than expected number of joint captures involving subadults. If trap bias is discounted as the major determinant for the subadult capture pattern, what other explanation might be appropriate? Based on radiotracking, burrow studies, and personal observations, we hypothesize that the need for social bonding is strong in subadult Alabama beach mice. As a purely anecdotal example, it is a common observation that if beach mice are captured in highly unsuitable habitat (i.e., large open areas between dunes) the event will frequently be a plural capture, most often involving 2 subadults. Whatever the source of the attraction, young Alabama beach mice do appear to respond positively to the presence of other mice and, therefore, we believe that this behavior is a likely cause of the disproportionate number of plural-capture events observed.
Beach mice, which have a monogamous mating system, exhibit strong pair bonding (Foltz 1981; Ryan and Altmann 2001) and, as predicted, adult males and adult females were captured together more often than expected. Similar malefemale associations have been reported in meadow voles (Getz 1972) , North American deer mice (Peromyscus maniculatus Bergstrom 1986; Mihok 1979) , house mice (Drickamer et al. 2003) , and western harvest mice (Reithrodontomys megalotis- Blaustein and Rothstein 1978) . Of the adults that were captured more than once as joint captures, 62% of males and 49% of females were recaptured with the same partner at least once. Our interpretation of these results is that adults captured together likely were mated pairs. Further, adult males and females captured together were among the least related combinations (Fig. 3) . This result is consistent with reports that Peromyscus are capable of kin recognition (Keane 1990) and that male P. polionotus in particular may select mates based on minute kinship differences with a preference for lessrelated individuals (Ryan and Lacy 2003) . Such fine-grained recognition patterns are hypothesized to evolve as mechanisms for the modulation of inbreeding levels and other social dynamics (Mateo 2003) . Negative impacts of inbreeding are well documented for P. polionotus (Margulis 1997 (Margulis , 1998a (Margulis , 1998b Margulis and Walsh 2002) , with the Alabama beach mouse's nearest sister taxon (P. p. leucocephalus) being especially prone to inbreeding depression (Lacy and Ballou 1998) . The ability to select mates based on relatedness and thus reduce inbreeding pressure would therefore be especially important for beach mice. Examination of our empirical data suggests that under natural conditions, beach mice are likely behaving as inbreeding avoidance theory would predict. This is clearly an area of ecology of P. polionotus that warrants independent verification and additional investigation.
Counter to our expectations, the overall cocapture rate involving adult males was not significantly below expected. Thus, our assumption that adult males would exhibit strong avoidance was not supported. However, closer examination of the results revealed that adult males were captured less often than expected with other males and with subadults but showed a positive association with adult females. Drickamer et al. (2003) found a similar pattern in house mice, as did Bergstrom (1986) , who reported that adult male Peromyscus were captured with subadult females less often than expected. In our study, adult male cocaptures had the lowest mean Moran's I relatedness, and adult males were more closely related to subadults with which they were captured than to adults. Females demonstrated similar genetic relationships with cocaptured subadults. These findings in conjunction with the parental assignment results indicate that subadults often were found in close spatial association with both parents. Unfortunately, our experimental design did not allow us to differentiate between synchronous use of the habitat or asynchronous encounters (i.e., adults responding to trapped subadults), but it is clear that clusters of related individuals were exploring common habitat spaces.
The negative associations identified for adult male beach mice were not observed in subadults. Subadult males were captured more often than expected with other subadult males and with subadult females. This supports our previous observations that subadult Alabama beach mice have a prolonged social connection with siblings. Drickamer et al. (2003) also found that juvenile house mice do not avoid each other until after they disperse. Examination of the relatedness data suggests that subadult Alabama beach mice may be employing recognition clues to maintain familial bonds, whereas adults rely on similar cues for premating evaluation of potential partners with a completely opposite goal. Given the known array of complex kin-based social dynamics, it is not unreasonable to expect that the use of critical traits such as kin differentiation will vary across life-history stages.
The large differences observed between the mean relatedness of individuals captured together and the mean relatedness of all possible pairs likely results from the spatial ecology of beach mice. Beach mice have relatively small home ranges (6SD) (3,729.7 6 400 m 2 -Swilling and Wooten 2002). Swilling and Wooten (2002) found that 55% of subadults establish territories within 1 home range of their natal area and that most of the remaining individuals disperse less than 2 home ranges away. This behavioral characteristic results in a correlative relationship between microspatial clustering of related individuals and density. Effectively, even in the absence of traditional social units, limited dispersal in this species drives the formation of distinct genetic units (genetic neighborhoods) or gamodemes (Gilmour and Gregor 1939) . Spatial analysis of the microsatellite genotypes has indicated the presence of such structure in the Alabama beach mouse population (data not shown). Evidence for the existence of these structures opens a number of interesting evolutionary questions. Given that inbreeding is detrimental to this species (Lacy et al. 1996; Margulis 1997 Margulis , 1998b ) and philopatry appears to be costly (Swilling and Wooten 2002) , what advantages are provided by limited dispersal and kin-based spatial structuring? How, in the face of increased probabilities that premating encounters will be skewed toward individuals of increased identity by descent, can the observed levels of relatedness between adult pairs be achieved? Finally, what mechanisms are responsible for maintaining such seemingly opposing traits over an evolutionary time frame? The opportunity to identify and address such core ecological questions supports the contention of Swilling and Wooten (2002) that populations of P. polionotus represent a unique model for the empirical investigation of these evolutionary phenomena. The questions addressed by this study illustrate that beach mice offer a viable model whereby other core ecological questions can be addressed.
